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Abstract 
Our present study belongs to a broader research project, targeting the training optimization in performance 
volleyball through stress control, based upon Women’s A1 Division Penicilina Iasi volleyball team, during the 
2011-2012 season. With the present proposal, we aim at discussing the levels of competitive stress, as revealed by 
neurotransmitters within cells and their possible interpretations. The participants our research, namely ten athletes 
playing for Penicilina Iasi volleyball team, were the subject of DDFAO lab tests. The probes were taken during three 
key-moments of the competitive season: after the holydays, after returning from the mountain training camp, and 
right before the most important game in the championship (the last chance to avoid relegation).  Our research was 
based on two initial assumptions: 1. During different stages of the competitive season, players’ stress levels vary; 2. 
stress levels can improve through specific mental and physical training methods. The final results confirmed our 
hypothesis. 
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Our present study is part of a broader research, dedicated to optimizing training in performance volleyball 
through the control of stress, which has been applied on the First Division women’s volleyball team “Penicilina 
Iasiˮ, during the 2011-2012 season. Our paper aims to identify if there is a correlation between the type of training 
received and the stress generated by sustained physical effort in performance volleyball. Among the stress indicators 
we analyzed in our research, this paper will focus upon the evolution of the neurotransmitters in interstitial spaces. 
Up to the present moment there are approximately 40 known substances which function as chemical 
synaptic mediators. One such category consists of neuropeptides, these having a relatively large molecular size, with 
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a slower, prolonged action, such as the long-term modification of the number of receptors, the lasting closure of the 
ionic canals and the long-term synaptic shift. The second category of neurotransmitters has a smaller molecule and a 
faster action span, participating in most of the prompt responses given by the nervous system, such as transmitting 
sensorial signals to the neuronal centers, and motor signals to the muscles.  
 Serotonin is being secreted by nucleuses originating in the median raphe of the brain stem, which projects 
towards multiple neuronal zones – mostly towards the posterior serve roots of the spinal cord and the hypothalamus.  
It is a neurotransmitter synthesized by the amino acid called tryptophan, whose function as neurotransmitter is still 
not fully known. Serotonin plays a part in the sleep-wakefulness alternation, in other circadian rhythms, 
simultaneously affecting the hormonal balance by modifying the hormonal release, and also the nervous central 
system as a direct transmitter. Serotonin helps the release of oxytocin and prolactin by the hypothalamus, and 
favours, directly and indirectly, the release of ACTH, LH, cortisol and also affects the alimentary behaviour. 
Serotonin acts as an inhibitor of the paths along which pain gets transmitted in the spinal cord, helps control the 
psychical disposition, and induces deep sleep, with no dreams. It also plays an important role in blood clotting, 
stimulating a strong heartbeat, initiating sleep, fighting depression which causes migraine and headaches in 
susceptible individuals (because of its ability to constrict blood vessels or cause them to spasm). 
 Dopamine is being secreted by the neurons originating in the black substance. Their terminations are 
mostly located in the striped part of the basal ganglia. Dopamine receptors are based in the hypothalamic system, the 
mesencephalic system, retina and other peripheral structures, which interact with other (noradrenergic) systems. 
Dopamine is also involved in controlling the motor function.  It is involved in the adjustment of humors (anti-
depressive function, behavioural thyme-stabilization, motivation and reward etc.); in the cognitive function (plays an 
important role in memorizing, attention, focus and learning); in the neuroendocrine function - inhibits the production 
of prolactin (PRL), that is why it is also known as the Prolactin-inhibiting factor (PIT), prolactin-inhibiting hormone 
(PIB) or prolactostatin etc. 
 Noradrenaline is secreted by numerous neurons, whose cellular bodies are located in the brain stem and 
the hypothalamus. The neurons producing noradrenaline from the locus ceruleus in pons Varolii send their nervous 
connections towards wide areas of the brain, and thus help controlling the global activity of the body and the mental 
tonus. In most of these regions, noradrenaline activates the excitatory receptors, but there are also a few areas where 
the inhibitory receptors are being put to action. Noradrenaline is also produced by most postganglionic neurons of 
the sympathetic nervous system.  
 Norepinephrine increases cardiac rate and can redirect the blood flow towards the muscles. This increases 
the levels of glucose in the blood, in order to ensure a bigger energetic input. Also, noradrenaline can cause the 
contraction of the smooth muscles, by activating the α-adrenergic receptors. By stimulating the ß1 receptors at the 
heart level, noradrenaline can accelerate the heartbeat, and also the conductibility at the atrioventricular node, thus 
increasing the contractibility and the excitability of the heart muscle. As a neurotransmitter, it is responsible of 
mood swings, the regulation of the blood pressure, and the excitement levels.  
 Adrenaline or epinephrine (suprarenin) is a hormone produced by the suprarenal medulla, in cases of 
stress. When it reaches the blood flow, it determines an increase of the heartbeat, of the blood pressure, a dilatation 
of the bronchia and prepares the body in order to produce high amounts of energy, through lipolysis and the 
synthesis of glucose. Blood circulation is increased at the level of the central nervous system, and diminished on the 
digestive tract. Adrenaline also becomes a neuronal transmitter at the level of the central nervous system. A 
presentation of its various effects is as follows: it has a stimulating effect on the heart and the circulatory system, 
which increases volemia; it increases the respiratory rate by dilating the bronchia, decreases the digestive activity, 
the intestinal peristalsis and, generally, the contraction of the smooth muscles of the bladder; mobilizes fats 
(lipolysis); it is also involved in the drying of the mucus, piloerection, sweating, pupillary mydriasis, and has 
influence on the coagulation of blood. Adrenaline does not have specialized receptors, which is why it is considered 
to be a neuromodulator. In small quantities, it determines vasoconstriction, while in large amounts it causes vascular 
dilatation, through the action upon the smooth muscular fibers.  
 Acetylcholine is secreted by neurons located in multiple areas of the brain, and is specific to the large 
pyramidal cells or the motor cortex, some of the neurons of the basal ganglia, but also the motor neurons which 
innerve the skeletal muscles, the pre-ganglionic neurons from the vegetative nervous system, the post-ganglionic 
neurons of the sympathetic and parasympathetic nervous system. In most cases, acetylcholine has an excitatory 
effect; however, it functions as an inhibitor at the level of some of peripheral parasympathetic terminations (for 
example, the heart inhibition by the vagus nerves).  
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 Acetylcholine is released at the level of neuromuscular junctions, and in some of the synapses in the central 
and vegetative nervous systems. The activity of acetylcholine depends on the effect upon the potential of the 
postsynaptic membranes. For example: acetylcholine increases the permeability for Na+ and K+ at the level of the 
receptors in neuromuscular junctions, which results in the contraction of the muscle, while, at the level of the 
receptors of the excitoconductor system, it increases the permeability of the membrane only for Na+, leading to 
hyperpolarization and a decrease of the impulse rate, thus decreasing the heart rate. Acetylcholine acts as a 
neurotransmitter for all of the vegetative ganglia, at the level of the postganglionic parasympathetic and sympathetic 
nervous terminations innerving the sudoriferous glands, and at the level of the neuromuscular plaque. 
We chose to present these specific neurotransmitters because they could be determined through the 
Functional diagnose system for scanning electrical bio-conductibility DDFAO (Depistage et Diagnostic Fonctionnel 
Assiste par Ordinateur) - EIS (Electro Interstitial Scanner). The tests are non-invasive, and consist of having six 
electrodes attached to the skin (at the forehead, hands and feet levels). DDFAO was developed by applying the 
principles of electrical impedance tomography. The principle of the ESG (ElectrosomatoGrama) is to measure the 
electrical activity (conductivity, voltage, intensity) of the body's extra cellular fluid (interstitium) in 3D. The 
interstitium represents about 0.9% of body weight. This aqueous medium, charged with ions and gas molecules, acts 
as a buffer between the blood and the intracellular medium. The interstitium is the zone of membrane exchange 
governed by the Na+ /K+ pump and active ATPase transport of molecules and substances (glucose, lipids, proteins, 
hormones, neuromediators) necessary for cell survival. The cell disposes of its waste in this zone. Ion transport 
creates a difference in membrane electrical potential, forming an electrochemical gradient. The interstitium 
constitutes the inner medium, the maintenance of which (homeostasis), by the blood circulation, depends on the 
functioning of all the body's organs and systems. By electrical analysis of the interstitium, DDFAO can be used to 
assess homeostatic maintenance and, in the same way, to indicate organ and system functional state. 
 Measuring principle is the measurement of the conductivity: a direct current of 1.28V is applied between 6 
electrodes placed symmetrically on the forehead, hands and feet. Each electrode is alternately a cathode then an 
anode, recording 22 volumes in the human body. The intensity is transmitted in numeric form for each volume to a 
computer program which transforms the value into conductivity (application of Ohm's law U=RI then C= 1/R) 
entered on a graph. This graph of 22 volumes is called an electrosomatogram (ESG). Volumes are measured 
between 0 and 100 in absolute value: They are converted to positive and negative values by different 0 locations 
according to the 2 types of parameters established: 
1. Parameter within the norms: After a statistical study of more than 20 000 measurements over 5 years, we have 
determined a 0 point corresponding to the norm parameterized at +70 or +/- 8 depending on the individuals: age, 
sex, weight and height: this parameter corresponds to basic metabolic norms. 
2. Random or automatic parameter: The 0 point of this parameter is calculated relative to the mean value as an 
absolute value of the measurement within the norm: this parameter is random and corresponds to personal basic 
metabolism. 
 Our study involved ten of the components of Penicilina Iasi women’s volleyball team, active during the 
2011-2012 season. The tests have been realized during three key moments of the competitive season: the return from 
holidays, the return from the mountain camp and before the most important game of the season (meant to avoid 
relegation).  
Our study is so far the only one of this type in Romania – and our research did not show similar studies in 
other countries either. The uniqueness of the results of our study makes the medical interpretation quite difficult, and 
the number of tests we performed was not large enough to allow the deduction of the rules guiding the behaviour of  
neurotransmitters when under physical effort.  
 
 
Fig. 1. Interstitial serotonin’s behaviour during the three tests 
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 We should mention the fact that, for two players (S4, S10 and S5), the registered values were not shown on 
the graphic, since they were constantly close to the minimal values the machine could indicate. If those values are 
associated with the players’ character traits and behaviour, the explanation would be, on one hand, their tolerance 
and compliance, on the other the fact that the two sportswomen have a high resistance to effort, which was slightly 
under-dosed, given their individual capacities.  
 In the case of the rest of the seven players, the graphic is very suggestive: the values diminish strongly after 
the camp training compared to the minimal values, and this decrease accentuates at the end of the competitive 
season. From the perspective of the methodology of athletic training, it is interesting that for S8, after returning from 
the camp, the physical effort was no longer perceived as being stressful, and thus serotonin values returned to the 
initial parameters. 
 
 
 
Fig. 2. Interstitial catecholamine’s behaviour during the three tests 
 
 Regarding the evolution of the behaviour of interstitial catecholamine, the graphic sustains the aspects 
already known in the specialized literature: its values usually diminish after the camp training, only to decrease 
again at the end of the competitive season. In the case of interstitial catecholamine too, there are players whose body 
had enough reserves to cope with the entire competitive season, in what regards their adequate response to stress. 
We should stress the fact this concerns again S4 and S5, together with S7 and S8, who practice this sport for about 
10 years, and who also give a special attention to post-effort recovery methods. 
 The same behavioural evolution emerged in the case of dopamine, during the first period of our study; 
during the second period, though, it registered even higher values than before – this could be explained by an 
increase of the cognitive and humor-adjusting mechanisms, under physical stress. 
 
 
 
Fig. 3. Interstitial dopamine’s behaviour during the three tests 
 
 From the perspective of acetylcholine, in the case of six of the players, the registered values were the 
maximum values the device could measure, while for S4 and S8 they only reached the compensation limit. For S9, 
the values were intensely negative, which corresponds to a deficit in neuromuscular transmission – clinically 
manifested through muscular cramps, and muscular fatigue.  
 
 
 
 
 
 
2401 Drosescu Paula and Puni Alexandru Rareș /  Procedia - Social and Behavioral Sciences  116 ( 2014 )  2397 – 2401 
 
 
 
Fig. 4. Interstitial acetylcholine’s behaviour during the three tests 
 
 Our present paper correlates and explains part of the symptomatology we dealt with during the competitive 
season: in medical practice, it happens quite often to have normal levels of Calcium and Magnesium, and still the 
players to suffer from muscular pain and cramps – a deficit in acetylcholine at the level of the muscular junction 
could explain such phenomena. 
 Another important aspect resulting from our study is the fact that, in some situations, physical effort is 
perceived differently by the different players’ bodies – for some of them it is under-dosed, for other it is overdosed, 
while some consider it within the tolerance range. According to our measurements, in the case of two players the 
effort was under-dosed, while for 5 players it was adequate to their individual tolerance level. Still, for two of the 
subjects, the effort was overdosed – in those cases physical stress was cumulated with the psycho-emotional stress 
component. From this perspective, we could state that the methodology of athletic training was adequately applied 
during the first part of the competitive season. Taking into consideration the lab results, and also the failure to 
achieve the initial goal for the 2011-2012 season (keeping their present place in the A1 Romanian volleyball 
Division), for the second part of the competitive year, we deem more appropriate a different approach towards the 
training methods and means employed. Physical training was perceived as extremely demanding by some of the 
players, who could not cope with the stress implied by the play-out games. In addition to the increase in physical 
effort, we consider appropriate for the second part of the competitive season to combine the post-effort recovery 
methods with a proper diet – still, these aspects also depend upon available financial resources.  
 Therefore, our paper also supports the idea that choosing adequate training methodology, according to each 
team’s particularities, is an extremely delicate subject, which could be the subject of permanent improvement. 
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